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INTRODUCTION
Atrial fibrillation (AF) is a common complication after cardiac surgery, affecting about 10% to 40% of patients undergoing Coronary Artery Bypass Grafting (CABG) [1] [2] [3] . This arrhythmia occurs most frequently in the first five days of the postoperative period, peaking between 24 and 72 hours, being uncommon after the first week [3, 4] . The postoperative AF represents a four-fold increased risk of stroke in comparison to the evolution of patients who remain in sinus rhythm [5] . It is meaningfully associated with postoperative complications, such as heart failure, hypoxia, hypovolemia, sepsis and electrolyte disturbances [6] , as well as it doubles the overall mortality rate in the postoperative period [7] . Such complications increase significantly the cost of surgical treatment by extending the hospital stay, present higher readmission in Intensive Care Units (ICU), prolong the duration of mechanical ventilation, increase the need for vasoactive drugs, ventricular assist devices and even reintubation [8] .
The onset of AF after cardiac surgery is associated with preoperative, intraoperative and postoperative factors [9] . Among the preoperative clinical findings, advanced age is considered an independent predictor of AF [2, 3] , present in about 50% of patients older than 80 years-old [4] . The intraoperative factors can be consequent to cardiac ischemia and inflammation inherent to the complexity of the surgical technique. In these situations, the time of aortic clamping, handling and atrial cannulation and the use of cardiopulmonary bypass (CPB) are reported as factors that support the installation of AF [8] . The CABG with CPB (on-pump CABG) appears to be associated with a higher incidence of AF in the postoperative compared to off-pump CABG. However, some studies reported no relevant difference in the incidence of this arrhythmia regarding the use or not of [4] . Some of the conditions associated with the onset of AF after surgery include: infections, prolonged mechanical ventilation, hemodynamic instability, myocardial ischemia and low cardiac output in the postoperative period [10] . The prevalence of AF, its impact on the health system costs and the patients' recovery justify the demand for clarification of triggers and therapeutic procedures to reduce AF in the postoperative period. In this context, the off-pump CABG has been explored as an emerging technique that can reduce the adverse effects of the on-pump technique, which predisposes to AF. The number of off-pump procedures performed has increased significantly in recent years. However, definitive conclusions about the incidence of AF in on-pump and in off-pump CABG surgeries have not been well established yet [11, 12] . The objective of this study is to determine the incidence of AF in the postoperative period of patients undergoing onpump and off-pump CABG and to identify predictors of risk associated with the development of this arrhythmia.
METHODS
A retrospective cohort study was conducted with 230 consecutive medical records of patients that underwent onpump and off-pump CABG from January 2011 to October 2013 in the Heart Surgery Service of Santa Isabel Hospital, in Blumenau, Santa Catarina, Brazil. The perioperative variables were: complications (increased bleeding, hemodynamic instability, arrhythmias, need for pacemaker and/or intra-aortic balloon, acute myocardial infarction), number of grafts, the need for transfusion (packed red blood cells, fresh frozen plasma and platelets), use of vasoactive drugs (noradrenaline, dobutamine, dopamine, nitroglycerin and/or sodium nitroprusside), CPB time (in minutes), aortic clamping time (in minutes) and mortality. It is important to emphasize that each case was individually analyzed for the need of blood transfusion, taking into account the hemodynamic conditions, the volume of bleeding, the patient's age and history of bleeding disorders. Generically, the bleeding was considered significant when the delivery of chest tubes in the immediate postoperative period was 150 mL/h for more than 3 consecutive hours, or output rate greater than 500 mL in 6 hours, or output rate greater than 1000 mL in 24 hours.
The postoperative variables were: Coronary Care Unit (CCU) time, hospital stay, use of vasoactive drugs (noradrenaline, dobutamine, dopamine, nitroglycerin and/or sodium nitroprusside), use of medications (statins and/or beta-blockers) and need for blood products. The complications in the CCU considered were: increased bleeding, need for reoperation, infection (in the surgical wound, pneumonia and/or sepsis), neuropsychiatric (ischemic stroke, delirium and/or altered levels of consciousness), ARF, acute abdomen, pneumothorax, haematological disorders (anemia and/or thrombocytopenia), cardiac disorders (hemodynamic instability, pericarditis, cardiorespiratory arrest, myocardial infarction, circulatory shock and/or use of intra-aortic balloon) and mortality.
The analyzed outcome was the incidence of postoperative AF in on-pump and off-pump CABG. The presence of AF in the postoperative period was determined by analysis of electrocardiograms (ECG) present in the medical records. All patients undergoing CABG in this study underwent 12-lead ECG in the immediate postoperative period, every 24 hours during hospitalization in CCU and in the infirmary, and 24 hours prior to discharge.
Data were organized in descriptive tables containing: frequency, mean and standard deviation. The average and proportions estimate were made with a 95% confidence interval. In order to compare the frequencies within the same distribution, it was used the Chi-Squared test of adherence. For the association of categorical variables with the groups, it was used Chi-Squared test of independence in cases of frequencies equal to or greater than 5, and Fisher's exact test, in cases of frequencies below 5. For the analysis of continuous variables the Student t test was used. In all tests, the significance is considered when P value < 0.05. Data analysis was performed on Microsoft Excel 2010 software and EpiInfo version 7, 2012.
The off-pump CABG has become the preferred technique at this service since 2008. It is currently used in approximately 80% of CABG surgery. During the study period, the main criterion used to display on-pump and off-pump CABG was the experience of surgeons. Regarding the surgical data, all patients were submitted to balanced general anesthesia. In the off-pump group, 362 arterial and venous grafts were performed, and about 3 grafts per patient. In this technique, no drug was used for myocardial protection and reperfusion with "bypass" was held only in the proximal right coronary anastomoses. In the on-pump group, 275 arterial and venous grafts were performed, and about 3 grafts per patient. Nipro oxygenator and Saint Thomas Braille cardioplegia for myocardial protection were used. The patients in this group underwent systemic hypothermia 30-32 o C. The preoperative variables are shown in Table 1 . Fifty-six (24.3%) out of the 230 patients, were female and 174 (75.7%) were male. The average age of patients undergoing on-pump CABG was 59.91±8.62 years-old and off-pump was 57.16±9.01 years-old (P=0.0213). Thirty-five patients were younger than 50 years-old, 26 (19.4%) from the group that underwent off-pump surgery and 9 (9.4%) from the group undergoing on-pump CABG, with significant differences between both groups (P=0.0360). The other preoperative variables are equally distributed between the groups (P>0.05). The average EuroSCORE for the on-pump group was 3.37%±3.08% and for the off-pump group was 3.13%±3% (P=0.5468).
RESULTS
The intraoperative variables are shown in Table 2 . It was observed a higher consumption of blood products in the on-pump when compared to off-pump CABG (64.58% vs. 20.9%; P<0.001), mainly represented by red blood cell units (2.35±0.89 in the on-pump group and 1.71±0.73 in the off-pump group; P=0.0164). Off-pump group showed higher tendency to develop AF, however there was no statistical difference between groups (P=0.0560). The other intraoperative variables are equally distributed between the groups (P>0.05) and there were no deaths in this period. Postoperative variables are shown in Table 3 . The group undergoing on-pump CABG showed a higher incidence of anemia, when compared to the off-pump group (27.08% vs. 16.42%, P=0.0497). On-pump group also presented major bleeding when compared to off-pump group (12.5% vs. 2.99%, P=0.0052). For other events there was no statistical difference (P>0.05).
In the off-pump group, 18 (13.43%) patients developed AF in the postoperative period, while in the on-pump group, 19 (19.79%) developed this arrhythmia, with no significant difference (P=0.1955).
Relations between the main risk factors for the development of AF in the postoperative period and the occurrence of this arrhythmia in the groups studied are described in Tables 4 and 5 . Among the preoperative risk factors, age over 70 years old is strongly associated with the development of AF in both groups (22.2%; P=0.0047 in the off-pump group and 31.6% in the on-pump group; P=0.0021). There was a tendency in developing this arrhythmia in the on-pump group patients with hypertesion (42.1%; P=0.0545), although this was not statistically significant. Similarly, analyzing the non-use of beta-blocker drugs, the off-pump group had a tendency to develop AF (33.3%; P=0.0505). Amongst the intraoperative risk factors, only the presence of AF during surgery showed relation to the development of this arrhythmia in the postoperative period in both groups, on-pump CABG (5.3%; P=0.0430) and off-pump (16.7%; P=0.0410).
Amongst the postoperative risk factors in the off-pump group, CCU time and hospital stay were remarkably higher in patients who developed AF (4.72±3.32; P=0.0374 and 9.89±4.09; P=0.0244, respectively) when compared to those who did not develop this arrhythmia. Analyzing the non-use of beta-blocker drugs, there was a strong association with the development of AF in the on-pump group (26.3%; P=0.0232). This group showed expressive relationship between the presence of infectious complications and the development of this arrhythmia (21.1%; P=0.0251).
The overall mortality of 230 patients undergoing CABG was 3.91%. Six (6.3%) out of the 96 patients in the on-pump group died, compared to 3 (2.2%) out of 134 patients in the off-pump group (P=0.1218). Mortality in the on-pump group was notably higher in patients who developed AF when compared to patients who did not develop the arrhythmia (21.1%; P=0.0029). No deaths were observed in patients undergoing off-pump CABG that developed postoperative AF.
DISCUSSION
Atrial fibrillation is the most common arrhythmia in the postoperative period of patients undergoing CABG [13, 14] . The presence of this arrhythmia is associated with longer clinical recovery time, besides being able to worsen the hemodynamic state of the patient, to increase the risk of congestive heart failure and trigger thromboembolic events [5, 14, 15] . The increased morbidity and the consequent prolongation of hospitalization significantly increase the hospital costs [14, 15] . Unlike non-surgical cases, the AF in the postoperative period does not have a well-defined cause, but recent studies suggest multifactorial mechanism, involving: oxidative stress, inflammation, atrial fibrosis, changes in autonomic tonus and connexin expression, that increase the dispersion of atrial refractoriness and favor the formation of a proarrhythmic substrate [16] . Some risk factors are related to increased incidence of AF in the postoperative period of cardiac surgery. Among these factors are: paroxysmal AF history, previous myocardial infarction, DM, hypertension, COPD, discontinuation of beta-adrenergic drugs preceding surgery, aortic clamping time, postoperative ischemia and vasoactive amines [16] . Advanced age is one of the most important factors being considered an independent predictor of this arrhythmia after CABG [2, 16] . Studies showed the use of CPB as an important risk factor involved in the development of AF, which can be explained by the resulting ischemia of cardioplegia, the CPB time, as well as the cannulation and aortic clamping [4, 13, 17] . In addition, blood contact with non-physiological surfaces of CPB machine results in an inflammatory response that may also be involved in the development of AF [4, 13, 17] . In view of these aspects, it is expected that off-pump CABG be associated with a lower incidence of AF in the postoperative period. Although some studies show such benefit [13] , they are still controversial. In a comparative study between on-pump and off-pump CABG, the on-pump group had major complications, such as stroke, reoperation for bleeding, prolonged mechanical ventilation, AF and period of hospitalization [18] . Some well-designed clinical trials comparing the two techniques showed no significant difference in the incidence of arrhythmias, especially of AF [15, 19] . In this study, the overall incidence of AF after CABG was 16.1%, similar that found in other studies [14, 16] . However, there was no significant difference in the incidence of AF between groups, being 13.43% in the off-pump group and 19.79% in the on-pump group (P=0.1955). These results were similar those found in other studies [14, 15] . Lin et al. [14] observed that off-pump CABG also did not reduce the incidence of postoperative AF. The authors believe that the results can be explained by the greater use of beta-blockers in the preoperative period for the on-pump group. It is believed that the use of beta-blockers preoperatively is an effective measure for the prophylaxis of AF [2, 12, 16] . In our study, the on-pump group also showed greater use of beta-blocker drugs preoperatively, compared to the off-pump group (90.6% and 82.8%, respectively), but these results were not statistically significant (P=0.0923).
A notable increase in cases of AF in patients over 70 was identified, regardless of the method used for myocardial revascularization, and it is the preoperative variable statistically relevant among the analyzed. It is estimated that for each decade of life, there is a 75% increase in the odds of developing AF in the postoperative period [20] . Thus, anyone over 70 has a high risk of developing AF [20] . Aging causes degenerative changes in the atrial myocardium, leading to changes in the electrical characteristics of the sinus and AV nodes, which contributes to fragment the impulse propagation [21] . In these patients, the atrium is generally dilated, hypertrophic and/or with fibrosis areas, compromising the structure and function of the sinus node [16] . Often, patients older than 70 years-old are carriers of atherosclerosis, hypertension and/or diabetes mellitus, in addition to having reduced cardiopulmonary reserve as to the younger, contributing greatly to the genesis of AF [16] . In perioperative period, we found in both groups, the occurrence of AF in this period is a predictor for recurrence postoperatively, which is not observed in other analyzed arrhythmias. It is known that prior AF is a risk factor for development of AF in the postoperative period [4, 16] . It is speculated that vulnerable individuals with AF, present electrophysiological pro-arrhythmic substrate, which is then exacerbated by surgery [4] . Therefore, the occurrence of AF during surgery could expose susceptible individuals with great potential for recurrence postoperatively. Also, the arrhythmia during surgery can result from individuals with paroxysms of AF with spontaneous resolution which were undiagnosed.
In the postoperative period, we observed the association of non-use of beta-blocker drugs and the development of postoperative AF in on-pump group. Some studies [3, 21, 22] showed beta-blockers are effective in preventing postoperative AF. It is believed that the increased sympathetic tonus may predispose patients to the development of AF, and therefore, beta-blockers can prevent this arrhythmia to modulate this pathway [13] . Previous studies have shown that the presence of AF postoperative can increase hospitalization in 2-4 days, thus increasing the cost of treatment [23] . This study showed that the development of postoperative AF in the off-pump CABG is associated with increased length of stay in the CCU and longer total hospitalization compared to patients who did not develop AF. However, there was no statistical difference in mortality to the same group. The on-pump group showed no significant difference in the length of stay, but showed higher mortality in patients who developed AF compared to those who did not develop the arrhythmia. This can be explained by the fact that patients undergoing CABG with CPB had higher rates of infectious complications.
The overall mortality in this study was 3.91%, comparable to the study of Sá et al. [24] which showed a mortality of 3.5% for patients classified as moderate risk (EuroSCORE 3-5). As well as the results of the study of Shroyer et al. [25] , we found no statistical difference in mortality between onpump and off-pump CABG.
CONCLUSION
Off-pump CABG did not reduce the incidence of AF in the postoperative period. We identified as predictors of risk for developing this arrhythmia: patients older than 70 yearsold and the presence of AF in the perioperative period in both groups, and non-use of beta-blocker drugs postoperatively in on-pump group.
